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The incidence of breast cancer has increased in Asian countries and rates of hormone
receptor (HR) negative breast cancer exceed those of Western countries. Epidemiologic
data suggest that the association between body size and BC risk may vary by HR status,
and could differ geographically. While body size may influence BC risk by moderating the
synthesis and metabolism of circulating sex-steroid hormones, insulin-like growth factor
(IGF)-1 and related binding proteins, there is a dearth of literature among Asian women. We
aimed to examine these specific associations in a sample of Chinese women. In Sichuan
Province 143 women aged40 years were recruited through outpatient services (2011–
2012). Questionnaires, anthropometric measurements, and blood samples were utilized for
data collection and linear regression was applied in data analyses. Among women <50
years we observed a non-monotonic positive association between body mass index (BMI)
and 17β-estradiol, and a reversed J-shaped association between BMI and IGF-1 (p0.05).
We observed similar associations between waist-to-hip ratio and these markers. Our finding
of augmented IGF-1 among women with low body mass may have implications for under-
standing breast tumor heterogeneity in diverse populations and should be evaluated in
larger prospective studies with cancer outcomes.
Introduction
The incidence of breast cancer has increased rapidly in Asian countries over the last several
decades [1], although it remains lower than the West. The age distribution of breast cancer in
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Asia varies drastically fromWestern countries. Peak incidence occurs between ages 40
and 50 among Asian women and between ages 60 and 70 among women fromWestern
countries [1]. Interestingly, differences in the shape of the age-incidence curve mirror differ-
ences in the age-incidence distribution for estrogen receptor (ER)+ and ER- breast cancers.
Yasui and Potter showed that among Western women the linear increase in breast cancer
incidence after menopause was largely driven by ER+ status and that among Asian popula-
tions the age-incidence curve closely mimicked that for ER- breast cancer, with risk dimin-
ishing after menopause [2]. Geographic differences in age distribution and ER status may be
accounted for by differences in demographic, biologic, genetic, and lifestyle characteristics.
For example, studies show that compared to ER+ breast tumors, ER- cancers are not strongly
associated with traditional epidemiologic risk factors (i.e. parity, age at first birth, and body
size) [3, 4].
Epidemiological studies have consistently shown that the association between obesity
and breast cancer risk may vary by menopausal status [5], with positive associations
observed for postmenopausal women [6, 7], and inverse associations observed among pre-
menopausal women [8, 9]. Similarly, there is evidence to suggest that the obesity-breast can-
cer association may vary by hormone receptor status [4, 5]. A 2011 pooled study conducted
among approximately 35,000, primarily Caucasian women revealed that the inverse associa-
tion between obesity and premenopausal breast cancer may be restricted to women with ER
+/progesterone receptor (PR)+ tumors [10]. There appeared to be a lack of protection for
ER-/PR- cancers and more specifically, the triple negative phenotype (ER-, PR-, and human
epidermal growth factor receptor [HER]-2). In contrast, a large multi-center study in China
showed that women with a median age of 48 years who were classified as obese (BMI 25)
were less likely to be triple negative [11], although results were not stratified by age or meno-
pausal status. Collectively, these data suggest that the etiology for breast cancer among Chi-
nese women differs from that of Western populations, even within intrinsic subtypes (e.g.
triple negative breast cancer). Given almost a fourth of breast cancer diagnoses in China are
triple negative [11], compared to approximately 15% in the West [10], uncovering the mech-
anisms of action for traditional breast cancer risk factors, such as body size, is of paramount
importance.
It has been hypothesized that excessive body weight may influence breast cancer risk
by moderating the synthesis and metabolism of circulating sex steroid hormones, insulin-
like growth factor (IGF)-1 and related binding proteins (e.g. sex hormone-binding
globulin [SHBG] and IGF binding protein [IGFBP]-3) [12, 13]. Obesity has been positively
associated with estrogen in postmenopausal women and inversely associated with SHBG in
both pre and postmenopausal women [12, 14–18]. Moreover, adiposity has been linked to
elevated serum free fatty acids which may enhance IGF-1 and reduce IGFBP [13, 19]. While
several studies have reported associations between indicators of body size, sex-steroid hor-
mones and components of the IGF axis (IGF-1 and IGFBP-3), findings are inconsistent and
primarily limited to White women [20–24]. Few studies have examined associations among
Asian women, particularly premenopausal women, who are at greatest risk for breast cancer
[25].
The purpose of this cross-sectional study was to characterize the association between body
size (body mass index [BMI] and waist-to-hip ratio [WHR]) with circulating sex-steroid hor-
mones (17β-estradiol, testosterone, and progesterone), SHBG, IGF-1 and IGFBP-3 in a sample
of 143 Chinese women. Given the biologic link between sex-steroid and the IGF axis, we also
describe the cross-sectional relationships between these biomarkers.
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Methods
Ethics Statement
The study protocol was approved by the Institutional Review Board at Sichuan University.
Written informed consents were obtained for all participants prior to completing the study
questionnaire and donating blood samples.
Study Population
Women aged 40 years and older were recruited through the outpatient service at the Compre-
hensive Guidance Center of Women's Health, Chengdu Women’s and Children’s Central Hos-
pital between September 2011 and July 2012. This study included women of Han ethnicity,
who had been living in Sichuan Province for over 20 years, and who had no history of bilateral
ovariectomy, hormone replacement therapy, or perimenopausal complaints. Women with
insulin-dependent diabetes mellitus or a diagnosed/history of malignancy, including breast,
liver or ovarian cancer, at baseline were excluded.
Data Collection
Of 279 eligible women, 51.3% completed both the questionnaire and donated a blood sample
(N = 143). Menstruating women had blood samples collected at interview, between the 3rd and
5th day from onset of menstruation, to account for periodical variation in sex hormones across
the menstrual cycle. Non-menstruating women provided blood samples at their scheduled
interview date. For all women, samples were collected between 10:00am and 11:00am. Informa-
tion on socio-demographic and reproductive characteristics was collected using a structured
questionnaire, and a trained nurse obtained anthropometric data (e.g. height, weight, waist and
hip) for each participant. The Questionnaire of Health Related Dietary Habits, a semi-quantita-
tive dietary questionnaire, was used to assess participants’ long-term (5 years) dietary habits.
The reliability and validity of the dietary questionnaire has been previously described [26].
Measurements of height (m) and weight (kg) were used to calculate BMI (weight [kg]/height
[m2]) for each woman. Categories of<18.50 kg/m2, 18.50–22.99 kg/m2, and23 kg/m2 were
used based onWorld Health Organization recommendations for Asians [27]. We additionally
calculated WHR (waistline [cm]/hipline [cm]) for each participant. We dichotomized WHR at
the median (0.8165) to create low and high risk groups.
Serum Biomarkers
Whole blood samples of 3 mL were withdrawn and then immediately transported to the Medi-
cal Diagnostic Laboratory, Chengdu Women’s and Children’s Central Hospital, where samples
stood for 2 hours and then spun at 2500 g for 15 minutes. Serum was subsequently extracted
and stored at -70°C until analysis. Assays for IGF-1, IGFBP-3, and SHBG were measured using
enzyme-linked immunosorbent assay kits (Diagnostic Systems Laboratories, Webster, TX)
according to manufacturer’s instructions. Circulating 17β-estradiol, testosterone, and proges-
terone levels were quantified by chemiluminescent immunoassay on the Immulite Analyzer
(Siemens Medical Solutions Diagnostics, Los Angeles, CA).
Duplicate aliquots from each blood sample were analyzed, and the average of the two mea-
surements was used for data analyses. The intra- and inter-assay coefficients of variation (CVs)
were as follows: 4.1% and 12.8% for IGF-1 (concentration of 110 ng/ml); 4.9% and 5.4% for
IGFBP-3 (concentration of 4,900 ng/ml); and 3.1% and 5.8% for SHBG (concentration of 36
ng/ml), respectively. Two blinded quality control (QC) samples were included for all
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biomarkers and mean intra-essay CVs for 17β-estradiol, testosterone, and progesterone were
6.0%, 4.9% and 8.1%, respectively.
Statistical Analyses
All biomarker data were log transformed to reduce departures from the normal distribution.
Additionally we describe distributions for all biomarkers using the geometric mean (95% confi-
dence interval [CI]).
A priori, we aimed to uncover associations between markers of body size and biomarkers
related to sex-steroid hormones and components of the IGF axis among premenopausal
women. These analyses were therefore restricted to study participants aged<50 years
(N = 104) and data among the 39 women age50 years are included in the supplement. The
results using self-reported menopausal status did not vary from those using age based proxies.
Independent-sample t-tests [28] were used to compare markers of body size and logarithm dis-
tributions of serum biomarkers between the two age subgroups. Pairwise correlations between
biomarkers and body size indices were also calculated [28]. We implemented linear regression
[28] to estimate geometric mean (95% CI) biomarker levels within categories of body size, as
well as to estimate the linear association between body size and relevant biomarkers.
For regression analyses, potential confounders were identified based on the analysis of
causal diagrams [29]. They included total energy (categorical), passive smoking (yes/no), oral
contraceptive estrogen use (yes/no), age at menarche (categorical), parity (categorical), age at
first birth (categorical), duration of breastfeeding (categorical), and history of benign breast
disease (yes/no). Covariates that were significantly associated with body size and sex-steroid
hormones or IGF biomarkers were adjusted for in the final model. None of the covariates met




All 143 women were of Han nationality and the average age of study participants was 46.4
years (standard deviation 4.9 years). The majority of participants (70.6%, N = 101) had finished
high school, and 91.7% (N = 131) of them had an income level higher than the poverty criteria
in Chengdu city (1500 RMB/month). Among women aged<50 (N = 104), mean age, BMI, and
WHR were 43.99 ± 2.94, 22.2 ± 2.51, and 0.81 ± 0.06, respectively (Table 1). The mean age,
BMI, and WHR among women aged50 (N = 39) were 52.92 ± 2.77, 22.37 ± 2.60, and
0.83 ± 0.05, respectively (S1 Table). The majority of sex-steroid and IGF markers did not vary
greatly between the two age groups, although we observed differences by age for levels of 17β-
estradiol (p = 0.003). Geometric mean (95% CI) 17β-estradiol levels (pg/mL) were 57.78
(46.90, 71.17) and 30.52 (20.66, 45.08) for women aged<50 and50 years, respectively.
Correlations between biomarkers and indicators of body size
Partial correlation coefficients between sex-steroid hormones, SHBG, IGF-1, IGFBP-3 and
anthropometric variables among women age< 50 years and 50 years are shown in Table 2
and S2 Table, respectively. Overall, we observed weak positive correlations between sex-steroid
hormones. Among women50 years, testosterone was significantly correlated with both 17β-
estradiol (r = 0.45, p<0.01) and progesterone (r = 0.36, p<0.05). With the exception of proges-
terone, SHBG showed weak inverse correlations with sex-steroid hormones in both age groups.
We observed no strong correlations between IGF-1 and any of the sex-steroid hormones.
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However, we did observe strong positive correlations (r>0.80) between IGF-1 and SHBG in
both age groups (p<0.01). IGFBP-3 also had direct correlations with IGF-1 (p<0.05) although
they were lower in magnitude (<50: r = 0.26,50: r = 0.33). Finally we observed a moderate
inverse correlation between IGFBP-3 and 17β-estradiol among women50 years (r = -0.43,
p<0.05).
Among women<50 years, we observed weak inverse correlations between sex-steroid hor-
mones and WHR. Conversely, we observed weak positive correlations between sex hormones
and BMI (Table 2). Both measures of body size were inversely correlated with SHBG, IGF-1
and IGFBP-3. Significant, but weak, correlations were observed for WHR and SHBG (r = -0.21,
p<0.05) as well as BMI and IGFBP-3 (r = -0.20, p<0.05). We observed no clear patterns
among women 50 years (S2 Table).
Associations between biomarkers and indicators of body size
Adjusted geometric means for sex-steroid hormones, SHBG, IGF-1 and IGFBP-3 were calcu-
lated within BMI (kg/m²) categories of<18.50, 18.50–22.99, and23.00 and WHR categories
of<0.8165 and0.8165 (Table 3 and S3 Table). We observed a non-monotonic increase in
17β-estradiol with increasing BMI among women aged<50 (p = 0.04), while levels of SHBG
and IGF-1 decreased non-monotonically with increasing BMI (p = 0.02 and 0.05, respectively).
Table 1. Descriptive statistics of age, anthropometric factors, sex-steroid and insulin resistance bio-
markers among study participants age < 50 years.
(n = 104)
Measurementa statistical distribution
Age (years) 43.99 ± 2.94
Body Mass Index (kg/m2) 22.20 ± 2.51
Waist-to-hip Ratio 0.81 ± 0.06
Estradiol (pg/mL) 57.78 (46.90, 71.17)
Progesterone (ng/mL) 0.45 (0.35, 0.57)
Testosterone (ng/mL) 0.24 (0.20, 0.28)
Sex hormone binging globulin (ng/mL) 29.81 (25.32, 35.09)
Insulin-like growth factor-1 (ng/mL) 168.03 (144.31, 195.66)
Insulin-like growth factor binding protein-3 (ng/mL) 1837.54 (1642.92, 2055.22)
a Age, body mass index and waist-to-hip reported as mean ± standard deviation; Biomarkers reported as
geometric mean (95% confidence interval).
doi:10.1371/journal.pone.0137686.t001
Table 2. Partial correlation coefficients between sex-steroid hormones, sex-hormone binding globulin, insulin-like growth factor components and
anthropometric variables, among participants age < 50 years.
E2 P T SHBG IGF-1 IGFBP-3 Waist-to-hip ratio Body mass index
Estradiol (E2) 1 -0.19 0.00 -0.10 -0.11 -0.06 0.16 0.08
Progesterone (P) — 1 0.17 0.09 0.06 0.12 -0.06 0.02
Testosterone (T) — — 1 -0.01 0.04 0.1 -0.08 0.19
Sex-hormone binding globulin (SHBG) — — — 1 0.83** 0.09 -0.21* -0.05
Insulin-like growth factor-1 (IGF-1) — — — — 1 0.26* -0.18 -0.03
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When we assessed BMI on a continuous scale we observed an inverse association with IGFBP-
3 (β = -0.02, standard error (SE) = 0.01, p = 0.02). Quadratic terms were included in all models
to assess departures from linearity (data not shown), but the addition of these terms did not
substantially improve model fit. When we assessed these associations using WHR we found
robust linear associations between WHR and both SHBG and IGF-1 (Table 3). For women
aged50, we observed positive association between progesterone and BMI (p = 0.002, S3
Table). Otherwise, circulating levels of 17β-estradiol, testosterone, SHBG, IGF-1, and IGFBP-3
were not associated with BMI categories in this age group. None of the markers examined
appeared to be associated with WHR among women50 years.
Discussion
Data from this cross-sectional analysis of Chinese women suggest a positive association
between BMI and 17β-estradiol and a reversed J-shaped association between BMI and IGF-1
among women<50 years. The study also offers further evidence of an inverse association
between BMI and SHBG and adds to the growing body of literature that premenopausal body
size influences circulating levels of sex-steroid hormones and components of the IGF axis.
Most correlations between biomarkers were weak and non-significant. However, we
observed strong positive correlations between IGF-1 and SHBG in both age groups (p<0.01),
contrary to previous studies among White women [20, 30]. The reasoning behind this is
Table 3. Crude association between indicators of body size, sex-steroid hormones, sex-hormone binding globulin, and insulin-like growth factor


















Geometric mean (95% confidence interval)
<18.49 kg/m2 8 24.23 (11.60,
50.61)












23 kg/m2 35 56.28 (39.58,
80.02)






0.04 0.18 0.43 0.02 0.05 0.15
β coefficient (standard error)
Continuous 0.02 (0.02) 0.01 (0.02) 0.03 (0.02) -0.01 (0.01) -0.01 (0.01) -0.02 (0.01)
p-
value
0.39 0.81 0.07 0.54 0.69 0.02
Waist-to-hip
ratio
Geometric mean (95% confidence interval)
<0.8165 49 48.94 (36.19,
66.20)




0.8165 55 66.98 (50.37,
89.07)






0.14 0.57 0.84 0.01 0.08 0.89
β coefficient (standard error)
Continuous 1.41 (0.81) -0.57 (0.95) -0.55 (0.70) -1.36 (0.63) -1.17 (0.59) -0.78 (0.43)
p-
value
0.08 0.55 0.44 0.03 0.05 0.08
doi:10.1371/journal.pone.0137686.t003
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not well-understood as in vitro studies have shown that hepatic SHBG synthesis may be
inhibited by IGF-1 [31]. However, in our population almost half of all women used oral con-
traceptives, most commonly a combination of estrogen and progesterone, which are known
to modulate both IGF-1 and SHBG [32, 33]. This may be one explanation accounting for the
discrepancy given women with hormonal contraceptive use were excluded in most previous
studies [20, 30].
Among the most commonly cited effects of obesity on circulating sex hormones are: (1) the
positive association between BMI and estrogen levels in postmenopausal women; and (2) the
inverse association between BMI and SHBG in both pre and postmenopausal women [12, 14–
18]. Directions of association in our exploratory analysis of women 50 years are consistent
with previous observations where we observed non-monotonic increases in 17β-estradiol with
increasing BMI (p = 0.38), as well as increases in progesterone (p = 0.002). Body size was
inversely associated with SHBG among women age<50 (p = 0.02) and, although not signifi-
cant, the direction was inverse for women age50. SHBG may be an important mediator of
breast carcinogenesis because it binds estradiol and testosterone, both of which stimulate the
proliferation of breast epithelial cells [12]. The inverse association between SHBG and body
mass are likely related to enhanced insulin levels, which has been reported to inhibit hepatic
synthesis of SHBG [12, 13]. Elevated estrogen levels among postmenopausal women are
hypothesized to occur through the aromatization of androgens in adipose tissue [12, 34]. Com-
pared to ovarian estrogen production, adipose mediated estrogen production is highly unregu-
lated [12]. Unregulated estrogen production, in combination with reductions of SHBG,
increases free estradiol among overweight/obese postmenopausal women [12] promoting the
development of breast cancer, particularly hormone receptor-positive subtypes.
While the exact mechanisms remain to be resolved, it is postulated that the inverse associa-
tion between body size and premenopausal obesity is due to increased number of anovulatory
cycles and reduced cumulative exposure to cyclic sex hormones (Fig 1) [35, 36]. This may
explain the reduced risk for hormone responsive tumors among younger (age 50 years)
obese women [10]. Previous studies examining the association between BMI and total estradiol
levels among premenopausal women have been inconsistent. Several studies, conducted pri-
marily among White women, reported inverse associations between premenopausal BMI and
total estradiol [17, 22, 23, 37]. In contrast, two studies conducted among African-American
women report positive associations between body size (WHR) and estradiol [38, 39]. We simi-
larly observed a positive association between BMI and estradiol among women in China. In the
only other study to examine the association between BMI and estradiol among premenopausal
Asian women, investigators of a Japanese study observed associations similar to those reported
among Whites [25]. There may be several factors accounting for this difference. The Japanese
study [25] obtained samples at a single point in time without restriction to the day of the men-
strual cycle, while we obtained blood between the 3rd and 5th day from onset of menstruation.
Variation in the time at which samples were collected may have resulted in measurement error.
In the Japanese study, analyses were also restricted to women with regular menstrual cycles.
Controlling for a causal intermediate (anovulation) may result in spurious associations.
Although steroid hormones are known to be involved in the etiology of breast cancer, it is
likely that other regulatory molecules, such as those involved in the IGF axis, work indepen-
dently or in concert with estrogens to facilitate breast carcinogenesis [40]. IGF-1 has been
shown to have strong mitogenic and anti-apoptotic effects on mammary cells both in vitro and
in vivo; and IGFBP-3, which regulates IGF-1 bioavailability, generally exerts pro-apoptotic
effects [41–43]. While the pathophysiology linking obesity to IGF-1 and IGFBP-3 levels are not
completely resolved, data show that increases in visceral fat are associated with elevated levels
of serum free fatty acids in the blood [44]. These fatty acids are thought to cause a reduction in
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glucose uptake and a rise in insulin secretion [19, 44–46] leading to a cascade of events includ-
ing: (1) decreased production of IGFBPs; (2) amplified levels of IGF-1; and (3) reduced avail-
ability of SHBG (Fig 1) [13, 19]. While reduced SHBG increases the fraction of bioavailable
estradiol and testosterone, increasing risk for hormone-responsive tumors; elevated IGF-1
could stimulate the growth of breast cancer cells in absence of ER or PR activation [47–49].
Previous studies have examined the association of IGF-1 and IGFBP-3 levels with various
anthropometric measures; however, the results have been inconsistent [20, 21, 50–53]. Positive
associations between obesity and IGFBP-3 have been reported across race and menopausal
groups [24, 50, 52, 54–57]. Directions were positive among women age50 years (p = 0.53),
but inverse among women age<50 years (p = 0.15). With respect to IGF-1, several studies con-
ducted among postmenopausal White women have reported an inverted U-shaped association
with obesity [20, 52, 55]. Even among premenopausal White women IGF-1 is reported to be
lowest for women in the lowest category of BMI [24, 55]. In contrast, one investigation showed
that among premenopausal African American women IGF-1 was elevated among women with
low BMI [55]. Our study results, in a Chinese population of women<50 years, are similar to
the findings among premenopausal African American women. We observed a reversed J-
shaped relationship between BMI and IGF-1, with the highest levels of IGF-1 observed for
women with the lowest BMI (p = 0.05). To our knowledge, only one other study has reported
on the association between body size and IGF-1 in a Chinese population. Among breast can-
cer-free control women, investigators found an inverted U-shaped association between BMI/
WHR and IGF-1 [57], consistent with the hypothesis that IGF-1 increases with body weight
until a threshold is reached and activation of a negative feedback loop decreases hepatic IGF-1
production [19]. However, this study did not examine the association among premenopausal
controls similar to the female population in our present study.
Our study has several limitations. A relatively limited sample may have restricted our ability
to ascertain precise associations between sex-steroid hormones or IGF components, and mea-
sures of body size. However, to our knowledge, this is the first study to explore these associa-
tions among young Chinese women. Our study was limited to capturing hormone levels at a
Fig 1. Relationship between premenopausal body size and promotion of breast cancer. IGF-1 insulin-like growth factor-1; SHBG sex hormone binding
globulin; IGFBP-3 insulin-like growth factor binding protein-3.
doi:10.1371/journal.pone.0137686.g001
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single time point and may not reflect a woman’s lifetime exposure. Moreover, cyclic variations
in hormones across the menstrual cycle often make studies among premenopausal women dif-
ficult. We attempted to reduce variability by obtaining blood samples between the 3rd and 5th
day from the onset of menstruation. This study did not exclude oral contraceptive users which
may lead to spurious associations. While oral estrogens have been shown to decrease IGF-1
concentrations and may confound the association between IGF-1 and body size [58], addi-
tional analyses did not indicate that our results were differential with respect to oral contracep-
tive use (data not shown). Finally, although we had a limited panel of biomarkers, multiple
comparisons may have led to chance findings. These data should thereby be interpreted with
caution.
Our finding of augmented IGF-1 among women with low body mass may have implications
for understanding breast tumor heterogeneity in diverse populations and should be evaluated
in larger prospective studies with cancer outcomes. It is of interest to understand how body
weight, a potentially modifiable lifestyle factor, is related to IGF-1 and sex-steroid hormone
concentrations given their independent associations with breast cancer risk and the increasing
prevalence of obesity in developing countries [59]. Further, it is unclear if there are race/ethnic
differences in the relationship between body size, sex hormones, and components of the IGF
axis. Additional studies may not only improve our understanding of the mechanisms relating
BMI and hormone levels to breast cancer risk, but may explain racial/geographic distributions
of breast cancer subtypes.
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